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SOME SOIL AND MOISTURE RELATIONSHIPS OF 
SWEET GUM AND RIVER BIRCH . I N  SOUTHERN 
MARYLAND 
F. B .  TRE N K  
While engaged during the late summer o f  1924 i n  the gathering 
of data for yield tables in  stands of  sweet gum ( Liquidambar 
stryaciflua L. ) and river birch ( B e tu la nigra L. ) ,  in one o f  the 
southern counties of Maryland, the attention of the writer  was 
attracted to the striking occurence of pure stands of these species 
on adj acent tracts o f  land, with no apparent cause for the sharp 
l ine of demarkation between the two types o f  forest. Suspecting 
that some difference in soil structure or soil moisture, or possibly 
both, might offer an explanation for this rather strange association, 
more detailed observations were made late in  the fal l  o f  1924, and 
the results o f  these observations are embodied in this paper. 
LOCALITY AND S P E C I F I C  AREA I N VOLVED 
The observations in  this study were made in what i s  known as 
the Mattawoman swamp, an area bordering a sl uggish stream 
which empties into the Potomac River, on the Maryland side, 
about ten miles south of Mt .  Vernon. The name swamp i s  hardly 
applicable in  a true sense o f  the word , for al l  o f  this land has 
been under cultivation at one time or another, and the old corn 
rows, evidences of its earlier tillage, are to be seen in both the 
gum and bi rch stands .  I t  appears that in the early history o f  the 
region concerned, thi s and other similar "swamps" were made fit 
for agricu ltural use by the construction of drainage ditches. This 
was accomplished by the use of  s lave labor, as was also the main­
tenance of these ditches .  Due to the shi ft in  labor conditions 
fol lowing the Civil  \Var, one by one the ditches fell into disrepair ,  
and ultimately, the fields which they drained had to be abandoned. 
A number o f  these fields have been t i l led clown to a very recent 
elate, and even today they are inundated during a comparatively 
short period o f  the year. 
The surface soil of the area in  question is s l ightly above al l  but 
the very highest water l and . The tract as a whole, including both 
the gum and birch stand, has been mapped by the U . S .  Bureau o f 
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Fig. 1. A pure stand of River Birch in Southern :Maryland. Note open growth and 
numerous herbaceous plants 
Soils 1 as Keyport silt lqam, and described as a light-gray to pale 
yellowish gray mealy silt loam to a depth of 6 or 8 inches. The 
subsoil is a yellow, brittle, compact, heavy silt loam to silty clay 
loam, extending to depths of 25 to 30 inches, where it passes into 
a silty clay, mottled pale yellow, gray and brown. The Keyport 
silt loam is situated entirely on the marine terrace bordering the 
1 Smith, H. C. and Rose, R.C. Soil Survey of Charles County, :Maryland. U. S. 
D. A. 1922. 
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Fig. 2. A pure stand of Sweet Gum in Southern Maryland, occurring densely, and 
with little or no herbaceous growth 
Potomac River and its larger tributaries. The type occupies flat 
to gently sloping areas, ranging from 10 to 40 feet above sea level 
(hence, confined to the Coastal Plain). The surface drainage of 
most of the type is good, but there are certain depressed areas 
needing drainage, and parts having depressions that are always 
wet. The case of "certain depressed areas needing drainage" fits 
in ery closely with the area under observation. 
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GENERAL HABITAT OF THE TWO SPECIES 
Both the sweet gum and river birch have a wide range of  dis­
tribution in the United States, although the former is confined to 
a more southern distribution than the latter. In Maryland, the 
sweet gum is confined strictly to the Coastal Plain region, where 
it is  one of  the commonest forest trees, growing in a variety o f 
situations, but being most abundant in upland swamps. Repro­
ducing abundantly by both suckers and seed, it is  one of the first 
trees to come in on abandoned land . The sudden termination 
of its occurrence as it approaches the Piedmont · Plateau was 
observed by the writer in Rock Creek Park, vVashington, D.C.  
Numerous specimens were observed on the steep gravelly hillsides 
bordering this stream, but as one proceeded further and above the 
gravel deposits of  the Coastal Plain to the sedimentary rock 
formations of the Piedmont, oaks and tulip poplar, with chestnut 
in mixture, occurred to the complete exclusion of the sweet gum. 
The river birch has a much wider distribution throughout the 
state . It is frequently found in the Coastal Zone in flood plains 
and stream swamps, while i t  is common in flood plains and along 
streams in  the Piedmont Plateau and Blue Ridge Mountains. 
Infrequently it occurs in dry situations. Being a prolific seeder, 
i t  is quite common on low abandoned lands . 
BASES OF STUDY 
Observations were confined to a comparison oJ the amount o f  
free soil moisture and hygroscopic moisture prese.nt in represent­
ative samples of surface, and subsoils of each of the two forest 
types, a closer analysis of the physical properties of  each of  the 
soils, and a comparison of the growth of sweet gum upon the soil 
in  question and upon an entirely different type of soil in the same 
coastal plain section of  the state. This latter observation em­
phasizes the marked effect that difference in soil type has upon the 
rate of growth of a species . True, in this comparison, it must be 
remembered that the average date of  the last frost in the spring 
is five days later for the poorer site, but the annual rainfall is the 
same.2 In addition, figures on the comparative height and 
diameter growth of the two species are included. 
The date on which the samples of soils were taken, was chosen 
advisedly. During the spring and early summer months the soil 
in  question is super-saturated ; that is ,  there is  such an abundance 
of water that semi-svvampy conditions prevail, and any examination 
2 Shreve, Forest Maryland Weather Senice, Vol.  III, pp. 40-4 1 .  
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made during such a period would reveal no difference in  the per­
centages of  free soil moisture in the two soils .  The late summer 
and fall months are characterized by somewhat drier conditions 
in the surface soils particularly, and hence furnish a truly normal 
period in  which to study the free water-holding capacity of the 
two soils. S ince hygroscopic moisture is dependent upon the size 
of particles, theoretically our figures would be the same whether 
samples were taken in March or November . . 
Before recording the observations made in the field during this 
study, it will be interesting to consider a little more in detail, the 
description given by the Bureau of Soils, o f  the Keyport silt loam. 
As was stated before, in mapping this area, no distinction was 
made between the soil upon which the gum occurs ,  and that which 
supports the stand of birch, both having been designated Keyport 
s ilt loam. Following .is a table showing th(( results of a mechanical 
analysis of this soil, made by the U . S .  Bureau of Soils . 3 
TABLE I 
MECHANICAL ANALYSIS OF KEYPORT SILT LOAM 





IN; FI NE SILT CLAY 
c ME- F VERY 
I 
AND SAND A N  SAND 
Percen• Percent P ercent Percent Percent Percent l Percent 
- - - i- - - -
Surfa�
.
e Soil . .  0. 1 0 .5 0.3 8.8 14.9 65.2 9.4 
Sub s m ,  . . . . . . , .0 .0 . l  2.4 14.2 42.6- 35.4 
With such a high percentage of  silt and clay, any differences in 
hygroscopic moisture are sure to be detected, and likewise, varia­
tions in the precentages of  silt and clay are certain to result in 
marked variations in percentage of  hygroscopic moisture. Mr .  
J .  M .  Snyder, o f  the Department of  Soils, Maryland Experiment 
Station made a more detailed examination of the mechanical prop­
erties of  the . soil samples secured for this study and identified the 
soil upon which the gum grew as a true si lt loam, while that upon 
which the birch occurred was termed a true loam. This differ­
ence in mechanical properties would at once indicate a higher per­
centage of  hygroscopic moisture in the sweet gum soil, and that 
is precisely what the soil moisture analysis revealed. 
OBSltRVATIO NS 
Following is a table summarizing the results o f  the soil moisture 
analysis : 
3 Smith, H. C. and Rose,  R.C. ,  S oil Survey of Chades County, Maryland: P. 3 6 ,  
U. S .  D .  A, 1 92 2 .  
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TABLE II 
SOIL MOI STURE CONTENTS AND PERCENT AGES 
Sorr. WT. WT. DIFFERENCE WT. DrFFEREN<;E 
FRESH Arn OVEN 
DESCRIPTION Sorr. DR'.� WT. % DRY WT. % --- ---
Birch Grains Grains Grains Grains Grains 
Surface Soil . . .  71 . 580 59 .653 1 1 .927 � 59 . 3 1 5  .338 -----:548 
Subsoil . • • • • • .  68 .5 10 58.045 10.465 1 5 .2 57.625 .420 . 723 
Gum 
Surface Soil . . .  64.270 53.260 1 1 .010 I 17 . 1  52 .820 .440 .827 Subsoil . . . . . . .  67.900 55 . 740 12 . 160 1 7.9 55 .088 .652 1 . 169 
( Soil samples secured N av ember 4, 1924) 
In securing these soil samples, an ordinary soil auger was used, 
and samples were taken at three inches and 28 inches below the 
sur face, the former depth furnishing the surface soil ,  the latter 
the subsoi l .  The soil  was subj ected to a temperature. o f  1 03 °  C .  
for 4 h9ttrs preparatory to determining the over-dry weight. As  
indicated in the table, a l l  weights were carried out to a thousandth 
part o f  a gram. 
Upon examination of the table, it wi ll be observed that the 
surface and subsoils of the gum gave up higher percentages o f  
moisture than d id  the same soils of  birch under both air dry 
and oven dry conditions. The difference is particularly marked 
in the case of oven dry samples. 
· 
The effect o f  the difference in soil types as one of the factors 
of  growth in gum, already referred to, is  i l lustrated by the fo llow­
ing table : 
TABLE III  
GROWTH O F  SWEET GUM ON DIFFERENT SOI LS 
0CCURENCE 
Sarr. OF TREES 
Susquehanna gravel . . .  Mixed with 
hardwoods 
Keyport silt loam . . . . . Pure 




M U M  
HEIGHT 
55 ' 1 
72' 
Area of sample plats = y,1: acre 
SrTE 
III  ( lower) 
II  
" 
As we stated earlier in this paper, the date o f  the last kill ing 
frosts was five days later for site I I I ,  or where the sweet gum. was 
observed growing, on Susquehanna gravel , but the average annual 
rainfal l  was the same . The wide variation in the types of  soi ls ,  
rather, indicate a more reasonable suggestion for the wide dis­
crepancy in height and diameter growth. Contrast the Keyport 
silt loam as previously described, with a description of the Sus-
6
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quehanna gravel . ;i s given by the ). Jaryland Geological Survey.4 
' 'The soi ls  ( Su squehanna gravel s )  are clerivecl from the gravel 
beds of several d i fferent geologic formations . These deposits were 
la id clown by swift  currents o f  water · during recent geological 
times and have undergone l ittle subsequent alteration or change. 
The soil  v;iries somewhat in its compos'.tion,  but always contains 
a high percentage of l arge, well -rounded quartz gravel , which 
ranges from one-hal f to several inches in diameter. To a d epth 
o f 8 inches the soil  i s  a gravel loam, beneath which the gravel 
content increases to such a great extent that i t  i s  almost impos sible 
to penetrate farther with a soil auger .  O ften the underlying 
gravel beds are very compact and partially cemented together by 
a reel ferruginous cement . The thickness o f  the gravel  
beds varies considerably, frequently exceeding ten f eet in  depth ."  
The effect, then,  o f  a so i l  composed largely o f  quartz gravel  
with  i ts  limited food supply upon tree growth, i s  clearly con­
trasted with that of a fine s i l t  loam, with a f ar greater percentage 
o f  avai lable plant food.  
The striking contrast presented by the pure stands of these two 
species o f  trees may be visualized by a perusal o f  the f ollowing 
table : 
TABLE IV 
GRO\VTH FI GURE S FOR B I RCH A?\D GU11 
I No. No. I Av. Do�r . AGE TREES DOM. HT D 0:'-1 g TREES . IA . --- -- -- -- --- �o. A I NT. v. TREES HT. --- -- I NT. DIA. �7�. 1 A; . / S ur. MAX.I S ITE TREES Iir. D1A. D r A. -- -- -- --- --
Sweet 
Gum 30 134 70 6 1 .0 '  6.0" 26 41 .0' 4. 1 "  38 24.5 '  2 .5" 8.9" 
River 
B i !-ch 3 1  5 9  4 1  55 .0 '  7.8" 13 45.0' 4.6" 5 38.0' 3 . 1 "  9 .4" 
Particularly noticeable i i1 this table are : fewer number of birch 
trees, greater percentage of dominants, larger diameters,  and a 
narrower range 111 heights . 
EVID E N C l\ S  O F  S U C C E S S I O N 
The outstanding feature which any ecologist would note in 
connection with this study is ,  that these two species came in on 
cultivated land, and that s i nce the present stands are even-aged. 
they represent pioneer conditi on s .  and not the c l imax forest .  True 
as this  may be, it does not alter the fact that two entirely different 
forest types came in on adj o'.ning tracts of land, apparent ly 
abandoned from cultivation at the same time , and on soils  d iffering 
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Fig. 3. A pure stand of River Birch in Southern Maryland. Note the results of 
suckering - stand 31 years old 
slightly only in physical texture. However, a consideration of 
plant succession is pertinent, for it would be interesting to note 
whether these pioneer types are to precede as wide a variation of 
flora in the climax type. 
The subject of succession in this locality has been admirahly 
treated by M.A. Chrysler in Volume III of the Maryland ·weather 
Service, pages 164-170, and a brief summary of his observations 
might be of value here. Let us consider first the climax type of 
8
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the undistributed "river swamp," for under that heading Mr. 
Chrysler discusses the planrt l i f e  of the soil formation in  question. 
He finds that the Sweet Gum, River Birch and Swamp Oak are 
the dominant trees, with ButtonwoDd and Boxelder conspicuous 
elements. The shrubs consist of Vaccinium corymbosum, Sani­
bucus canadensis, Clethra alnifolia, Pieris mariana, Alnus rugosa, 
Salix nigra, Cephalanthus oc cidentalis, Rosa carolina, and flex 
verticillata, while the climbers included species of S1nilax, Vitis, 
Rhus Toxicodendron and Parthenocissus quinqzt cfolia.  Herba­
ceous vegetation includes Alisma plantago-aquatica, Arisaema tri­
phyllu1n, Peltandra virginica, Asclepias incarnata, Polygonuni ari­
folium, W oodwardia areola ta, Polygonum virginianum, Thalictrum 
polygamum, Impatiens bifiora, Hypericuni maculatum, Cicuta 
maculata, Phlox paniculata, Teucrium canadensc, Verbena hastata, 
'>.' 
J,obelia cardinalis, II eliopsis helianthoides, Rudbeckia laciniata, 
Eupatorium p crfoliatum, E. purpurcum, Lactuca villosa .  
This authority goes on to say that the succession of  the lowlands 
sems to be  from pine (Pinus virginiana) to a mixture o f gum and 
oaks, with S weet Gum as the pioneer. "'After this tree has 
crowded out most of the pines with the aid of such xerophytic 
oaks as the Spanish oak ( Quercus digitata ) ,  the more mesophyt:c 
oaks such as the white, black, wil low and swamp oaks, together 
with maple (A cer rubrum)  and black gum (Nyssa sylvMica) , 
make their appearance. Hence, the series has probably been : 
pine, pine-gum, gum-oak. This succession proceeds upon the · 
assumption that the area was clear at the beginning, and that 
adult pines were present in the neighborhood to furnish seed."  
Discussing the other alternative - clear ground without pine 
seed trees near, a condition which rarely occurs - the succession 
will, in l\fr. Chrysler's opinion, depend upon the l evel of the 
tract. On moderately low tracts seeds o f  Sweet Gum and Reel 
Maple may be blown in, but since maple seedl ings cannot endure 
strong isolation, the Sweet Gum finally predominates. 
The observations made by the writer do not altogether agree 
with those j ust stated . It is evident that the area studied was bare 
of  vegetation at one time, and numerous mature pines were 
observed as close as 200 feet to the gum, yet not a single pine 
tree was observed in the l evel of  nearly l evel portions of the river 
s wamp. Nor was a single evidence o f  oak seedlings of  any species 
found, although as was noted before, these stands were over 30 
years in  age, and the birch stand was quite open. 
Practically none of the shrubbery or herbaceous plants j ust 
9
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l isted for the climax type were found, either. There was an 
occasional ::;pecimen o f  Vitis and Smilax, also , Rfzus Toxicodcn­
drom ; of herbaceous plants there were a few specimens of a 
species of Panicum, especially in the Birch stand, as were also 
Phlox pa11icula ta, Lobelia cardina/is, Rudbec!?ia laciniata, Asclc­
p ias incarnata. Arisacnza triphyl/11 11 1 .  
There are, then, f e w  evidences o f  succession i n  these two forest 
types today, so that the climax forest of either is much in doubt . 
Variation or lack of variation of the climax forest in the future 
woulcl serve as  an interesting check on the observations made here ,  
and the suggested causes for the wicle variation in types.  
' 
Su :\l MARY 
1 .  An even aged pure stand of Sweet Gum growing beside an 
even aged pure stand of l\.iver Birch in a Southern Maryland 
river swamp attracted attention because of  the apparent similarity 
of  the soi ls ,  and equal ages of the two stands. 
2. Examination of the soils for moisture content, both free 
and hygroscopic, revealed that in every instance the water holding 
capacity o f  the Sweet Gum soil, both surface and sub-soi l ,  
exceeded that o f  the River Birch. 
3. Although this land was once used for agriculture, and at the 
time of its being abandoned there were scrub or spruce pines in 
the neighborhood capable of  seeding in the abandoned field, no 
pines were observed. There was also a total absence o f  maple and 
oak seedlings, suggested by Mr. Chrysler as an integral part o f  
the succession process under identical river swamp conditions. 
DEPARTMl�NT OF BOTANY, 
lowA STATE CoLLI\GE . 
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